In order to examine the effects of sowing date of wheat cultivars and lines on fusarium head blight (Scab) (FHB), a study was carried out as a split-plot experiment based on a randomized complete block design with 3 replications. FHB is a serious problem in wheat fields of Northern provinces as well as Moghan, Iran. It seems that wheat spikes are sensitive to FHB in a short part of their growth period which can serve as an ideal opportunity for controlling FHB through changing sowing date and the resulting change in spike-bearing time. In this study, five wheat cultivars including Tajan The modified method of Irta and Gilchrist and disease index were used for assessment of FHB. The results showed significant differences in days of spike-bearing and days of physiological maturity between sowing dates at 0.01 probability level. The cultivars exhibited significant differences in their spike length, grain weight per spike and 1000-grain weight at 0.01 probability level. In addition, cv. Falat suffered from the highest damage with FHB disease index of 70% at sowing date of November 6, so that it was selected as the most sensitive cultivar to FHB with mean disease index of 40%. Furthermore, cv. Tajan and lines N-80-18, N-80-7, N-78-14 and N-81-18 can be grown in region as semi-tolerant cultivars at sowing dates of November 6, 11 and 26. Also, the studies showed that tolerant cultivars can be planting from November 11 until November 26, so that this period is best sowing period for avoiding wheat FHB in Moghan, Iran. Moreover, N-81-18 was found to be the best line among studied cultivars and lines with disease index of 2.5% and yield of 73202 kgha -1 .
INTRODUCTION
Fertile hot regions of Northern Iran (suitable for growing spring and intermediate cultivars of wheat) including the plains of Gorgan, Gonbad, Mazandaran and Moghan are important wheat-growing regions constituting 450,000 ha of wheat cultivation area of Iran. Given the extensive area *Corresponding author. E-mail: rogizm@yahoo.com. of these fields and their similar climate, it is important to provide adaptive and stable cultivars in terms of yield and resistance to biotic and abiotic stresses. Constituting 18% of irrigated wheat fields of Iran, these regions enjoy favorable conditions for and play vital role in wheat production. One of the main objectives of the current study was to find high-yielding cultivar(s) with appropriate agronomical attributes which were adapted to the environmental conditions. On the other hand, considering the special climatic conditions of these regions, high relative humidity and the risk of the spread of fusarium head blight (FHB), the sound evaluation of the responses of different cultivars to this disease in Moghan was another objective of the current study. FHB is an important disease of grains in hot, humid regions of the world which brings about quantitative and qualitative damages. The toxins produced by different fungi species of this disease decreases baking quality of wheat and are poisonous to humans and livestock. Since chemical fight against this disease is not suitable, selecting and using tolerant cultivars with superior agronomical traits is considered as the best technique for controlling this disease. FHB can lead to 10 to 50% yield loss. Furthermore, its species can produce mycotyxins in stored plants and grains (Foroutan et al., 1993) . In Iran, the wheat fields of Mazandaran, Gorgan and Moghan suffer from high risk of infection to FHB (Hoerr et al., 1982; FAO, 2007) . Appropriate climatic conditions (moisture and temperature), the occurrence of FHB agent and the cultivation of vulnerable cultivars may impose irreparable damage to wheat harvest in these regions. Foroutan et al. (1993) estimated the infection rate of wheat to FHB as more than 70% (Foroutan et al., 1993) . The sensitive cv. Falat dominated 50% of wheat fields in Mazandaran, Golestan and part of Ardabil (Moghan), Iran in 1993 and showed the highest infection rate (Foroutan et al., 1993) . In total, using resistant cultivars as well as good farming practices are considered as the best and most effective way of controlling FHB in humid and semi-humid regions (Abedini et al., 2004) . Given that the spikelets are most sensitive to FHB at maturing, the fields of wheat have been in risk in Moghan in recent years because they start spike-bearing during mid-June when the conditions are ready for the spread of FHB. Recently, FHB has been extensively observed in Northern provinces of Iran and the plain of Moghan owing to suitable climatic conditions for its spread and have imposed irreparable damages to the fields. Climatic and non-climatic parameters like pests, diseases, weeds and birds are involved in the choice of sowing date. Climatic parameters play special role in the growth and development of the plants. Although the precise prediction of short-term variations of these parameters such as temperature, precipitation and wind speed or timing in a certain location is unlikely due to their large yearly variations, nonetheless their long-term means follow certain weekly, monthly and yearly trends. Thus, prediction of the variation trend of climatic parameters and the possible occurrence of favorable conditions (like suitable humidity or temperature) for the incidence of diseases allows changing sowing date to avoid it. In other words, the susceptibility window of the plant to disease is changed to avoid severe FHB epidemics. In the current study, minimum, maximum and mean temperature, minimum, maximum and mean relative humidity, precipitation, sunny hours and maximum cloudy hours of Parsabad, Moghan-(Iran) which is just 1 km away from the study field, were recorded weekly from September 23 (local wheat sowing date) to July 23 (local wheat harvesting time). Mean temperature, sunny hours, cloudy hours, relative humidity and precipitation were 27°C, 7 and 5 h, 68% and 32 mm in June, respectively. The anthesis and grain-filling period of studied cultivars and lines was from late-May until last week of June. The grains of wheat were filled and hardened from last week of May until second week of June. Given that FHB spreads at the temperature of 20 to 30°C with humid period of 36 to 72 h (Bai et al., 1991) , Moghan region can be said to have the required climate for the wheat FHB epidemics. The favorable conditions for this disease can be avoided during anthesis and grain-filling period (as susceptible window to FHB) by changing sowing date from November 6 to December 11 that is, a 35-day delay.
MATERIALS AND METHODS
7 promising lines and cultivars were included in the current study. Their names and family trees are listed in Table 1 . The study was carried out in Agriculture Research Center of Moghan, 1 km southwest of Parsabad, Iran (Lat. 39°39´ N., Long. 47°43´ E., Alt. 78 m). It has semi-arid climate with hot summers and slightly cold winters with. Records of Moghan Meteorological Station showed that mean maximum yearly temperature of the region was 35°C, mean yearly temperature was 8°C, maximum temperature had so far risen to 42.5°C and absolute temperature had so far gone down to -16.5°C (Khalilzadeh et al., 2008) . Accordingly, the minimum and maximum yearly precipitation was 72.9 and 523 mm, respectively.
Mean yearly precipitation was 251 mm and mean yearly relative humidity was 71% with most precipitation occurring during autumn, winter and spring. The regional soil was mostly brown or brownish gray. The soil had quite high organic content in rain-fed fields and low organic content in irrigated fields and it was generally loamclayey (Anonymous, 2003) .
Temperature, relative humidity, precipitation, sunny hours and cloudy hours were weekly recorded in 2007 to 2008 growing season. The study of minimum, maximum and mean temperature from late-September 2007 until mid-July 2008 showed that the minimum mean temperature (-6.5°C) was experienced in January. Also, the maximum mean temperature (27.2°C) happened on midJuly. During this period, maximum relative humidity (0.95) was recorded from May 29 to June 10. This humidity at 23 and 31°C provides favorable conditions for the incidence of FHB. During this period, the maximum cloudy hours was recorded from April 28 to May 4, 2008 as 8 h with 4 h sunshine which provided good conditions for the rapid epidemics of fungal diseases across wheat fields. In the current study, seven wheat cultivars and lines were examined at four sowing dates of November 6, November 11, November 26, December 11 as a split-plot experiment based on a randomized complete block design with three replications. Sowing dates was the main plot and the lines and cultivars were the subplots. Days to spike-bearing, days to physiological maturity and the response of the cultivars and lines to FHB at each sowing date were recorded during the growing season.
FHB was recorded in terms of incidence percentage (infected spikes percentage). The infected spikes were collected from the plots where symptoms of FHB were appeared such as premature whitening. Then, they were transferred in paper bags to Pathology Laboratory of Seed and Plant Improvement Institute, Karaj, Iran and were coded according to the time and location of their collection. Finally, grain yield, 1000-grain weight, the number of spikelets and the number of grains per spike of the lines and cultivars were recorded and were statistically analyzed by software MS-TATC and the graphs were drawn by computer software.
FHB disease index was determined under natural and artificially disease-free conditions. In order to calculate disease index, each time 50 spikes were randomly selected in each experimental plot and its infection type was estimated by Irta and Gilchrist (1994) 's method.
RESULTS AND DISCUSSION
Simple analysis of variance for grain yield and agronomical traits revealed significant differences among sowing dates with respect to days to spike-bearing and days to physiological maturity at 1% probability level which proved the impact of sowing date on these traits. The interactions of sowing dates with lines and cultivars brought about significant differences in days to spikebearing at 0.01 probability level. The number of spikelets per spike is considered as an important yield component. Means comparison for this trait showed that cv. Falat and line N-80-6 had the highest number of spikelets of 17.97 and 17.92, respectively; while, the lowest one was produced by cv. Tajan and line N-80-7 (15.58 and 15.98, respectively) . Among the studied cultivars and lines, cv. Tajan can be regarded as a semi-resistant cultivar for Moghan since it had higher distance between spikelets on spikelet axis, the lowest number of spikelets and FHB disease index of 8.75% at sowing dates of November 6, Mikaeil et al. 5765
November 11 and November 26. The number of grains per spike is another important grain yield component. Among the studied cultivars, line N-80-6 had the highest number of grains per spike (53.22) and line N-80-7 had the lowest one (40.82). Schreder and Cristensen (1963) stated that sensitive genotypes exhibited a decrease in their number of grains and 1000-grain weight which altogether resulted in the loss of spike weight, grain weight per spike and finally, yield per unit area (Schroeder and Christensen, 1963) . Parry et al. (1995) found that the impact of Fusarium graminearium on the number of grains per spike was very important because it could considerably reduce it under artificial infection. Furthermore, they concluded that the mean decrease in the number of grains per spike under artificial infection by F. graminearium was 10.4% for parental plants, 13.7% for all single-cross cultivars and 12.3% for double-cross cultivars (Parry et al., 1995) . In total, disease stress had destructive impact on the number of grains per spike in some sensitive cultivars and lines. The loss of the number of grains is observed in severe infections and/or highly sensitive cultivars. Parry et al. (1995) stated that the genetic variance for the number of grains per spike at different infection levels of FHB was lower than that for 1000-grain weight or relative weight of grains (Parry et al., 1995) . Thousand-grain weight is one of the primary and important components of wheat grain yield components which is largely affected by environment. Among the studied cultivars and lines, line N-80-19 was found as the FHB-resistant cultivar since it had the highest 1000-grain weight (47.17 g) and the lowest FHB disease index at different sowing dates. Having the highest disease index, cv. Falat was found to be the sensitive cultivar. It had the lowest 1000-grain weight (38.83 g), too. A significant, negative correlation (r = -0.767) was observed between FHB disease index and 1000-grain weight at 0.05 probability level. Line N-80-19 has been reported as a high-potential cultivar for Moghan. Its grains are amberreddish. Some agronomists believe that 1000-grain weight and the number of grains per spike, compared with control, can be utilized as an index for the assessment of the yield loss due to the infection to fusarium (Miedaner, 1997) . Also, Miedanner reported that grain weight per spike, 1000-grain weight and the number of grains per spike can be used for evaluating the yield loss due to fusarium infection under natural infection conditions (Miedaner, 1997) . In addition, they stated that among all yield-related traits, 1000-grain weight was mainly responsible for the difference between cultivars and it was more valuable than grain weight per spike and the number of grains per spike. Line N-81-19 with low FHB disease index (0.05) and higher 1000-grain weight (47.17 g) was selected as the best line in terms of 1000-grain weight and resistance to FHB which is an agreement with the results of Miedaner (1997) . Cv. Falat had the highest number of spikelets (17.97) and lowest The interaction between sowing dates and cultivars/ lines was significant on days to spike-bearing at 0.01 probability level. The study of days to spike-bearing at different sowing dates showed that the first sowing date had the lowest number of days to spike-bearing (117.1) followed by the sowing dates of November 11, November 26 and December 11 with 123.6, 127.3 and 128.5 days to spike-bearing, respectively. Among the studied cultivars and lines, cv. Tajan and line N-80-7 were early-maturing. Arthur (1891) was the first person who said that earlymaturing cultivars are less sensitive to FHB than latematuring ones (Arthur, 1891) . Khalilzadeh et al. (2008) and Sogi et al. (2006) announced Tajan as resistant cultivar for Moghan, too (Sogi et al., 2006; Khalilzadeh et al., 2008) . Fusarium disease index of Tajan was 8.75% and its number of days to spike-bearing was 122.7. Thus, it can be concluded that Tajan was both early-maturing and resistant to fusarium (Table 2 ). This finding is in agreement with the findings of Arthur (1891), Khalilzadeh et al. (2008) and Sogi et al. (2006) .
There was significant difference in days to physiological maturity between sowing dates at 0.01 probability level. The sowing date of November 6 had the lowest number of days to physiological maturity (174.4 days) following by November 11, November 26 and December 11 with 175.8, 177.1 and 178.9 days to physiological maturity, respectively. The study of FHB disease index of cultivars and lines at different sowing dates with mean days to physiological maturity showed that the cultivars and lines had the highest disease index at sowing date of November 6 because of having the lowest number of days to physiological maturity (117.4 days) and the favorable climatic conditions for FHB epidemics particularly during grain-filling period. But, they had the lowest disease index at sowing date of November 11 since they had higher number of days to physiological maturity and longer grain-filling period and the climate conditions were not favorable for FHB epidemics during mid-June in Moghan. were ranked in statistical class a with days to physiological maturity of 177.9, 177.8 and 177.5, respectively; and cultivars Tajan and Falat and lines N-80-6 and N-80-7 were ranked in statistical class b with days to physiological maturity of 176.3, 175.6, 175.6 and 175.2, respectively (Table 3) . had the highest and lowest number of days to physiological maturity, respectively. Although no significant difference was observed in grain yields of different studied cultivars, the study of means of cultivars showed that lines N-80-7 and N-78-14 had the highest grain yields of 7.541 and 7.351 t.ha -1 , respectively and cv. Falat had the lowest one of 6.964 t.ha -1 . Line N-80-7 was a hybrid of HorK wheat which is known as a tolerant cultivar to FHB. Its number of days to spike-bearing and to physiological maturity was 123.3 and 175.2 days, respectively. It was a cultivar with high 1000-grain weight (45.25 g), too. It was introduced in semi-hot regions of Ardabil, Iran specially the plain of Moghan in recent years owing to its optimum agronomical traits and suitable grain yield. Now, it is extensively grown by wheat-growers. Miedaner (1997) stated that cultivars or lines with high yield, suitable morphological attributes and partial tolerance to FHB can be used as new cultivars or appropriate parents in breeding and hybridization programs (Miedaner, 1997) . Bai and Shaner (1994) found that FHB was the main source of injury to wheat grain yield which led to the loss of the number of grains per spike and 1000-grain weight that altogether considerably decreased yield (Bai and Shaner, 1994) . The yield loss is directly caused by shriveled grains which are gotten rid of with hay during harvest as well as by sterility of infected florets (Parry et al., 1995) . Different sowing dates were ranked in same statistical class. The sowing date of November 6 had the lowest yield (6619 kg.ha ) because of higher temperature during grain-filling period and unfavorable conditions for FHB epidemics. These results are in agreement with the results of Bai and Shaner (1994) .
The favorable climatic conditions for FHB in Moghan during June and the presence of initial inoculums resources in field cause the outbreak of FHB every year. At sowing date of November 6, cv. Falat had the highest FHB disease index of 70% among all studied cultivars and lines. Table 3 shows the responses of all lines and cultivars in terms of FHB disease index. Falat was the most sensitive cultivar to FHB with disease index of about 40%. It was extensively cultivated in Moghan in 1993 and was severely damaged by FHB. Among the studied cultivars and lines, the promising lines of N-80-19 and N-81-18 had the lowest FHB disease index (5 and 2.5%, respectively). The disease index of lines N-80-19, N-80-7, N-78-14 and N-81-18 was zero at sowing date of November 11. Despite this fact, they are not recommended due to their yield loss at this sowing date. The study of FHB disease index at different sowing dates and cultivars and lines showed that the resistant cultivars N-80-19, N-80-7 and N-78-14 can be sown from November 11 until November 26. Thus, can be cultivated as semiresistant cultivars in Moghan on November 6, November 11 and November 26. This finding is in agreement with the results of Sogi et al. (2006) and Ghasemi et al. (2007) . In a study on 28 spring bread wheat genotypes in Moghan with respect to the resistance to FHB, Abedini et al. (2004) selected only cv. Wangshubai as resistant cultivar (Abedini et al., 2004) . In another study on 9 bread wheat genotypes under furrow and sprinkler irrigation systems in Moghan, Khalilzadeh et al. (2008) concluded that in order to more precisely evaluate the resistance of lines to fungal diseases, it was two irrigation systems. They Mikaeil et al. 5767 found line N-81-18 as an appropriate candidate for cultivation in Moghan given its high grain yield and resistance to FHB (Khalilzadeh et al., 2008) . The interactions between sowing dates and cultivars/ lines on fusarium disease index were significant at 0.01 probability level. The results indicated that cv. Falat suffered the heaviest damage at sowing date of November 6 with FHB disease index of 70%. The FHB disease index of lines N-0-19, N-0-7, N-78-14 and N-81-18 was zero at sowing date of December 11. But they exhibited decreased yield, compared with sowing dates of November 11 and November 26, due to the increase in perimeter temperature during grain-filling period. FHB disease index at different sowing dates showed that the resistant cultivars N-81-18, N-78-14 and N-80-19 can be cultivated from November 11 until November 26. The evaluation of lines and cultivars at different sowing dates under normal conditions revealed that fusarium disease index had a negative, significant correlation (r = -0.767) with 1000-grain weight at 0.05 probability level (Table 3) . In Moghan, if wheat is intended to be cultivated as the secondary culture, cv. Tajan will be the best cultivar on the basis of its lowest number of days to spike-bearing and the lowest FHB disease index.
The selection for all these traits showed that lines N-78-14 and N-0-19 and cv. Tajan were the most optimum lines and cultivar for Moghan region in terms of resistance to fusarium and high-yielding potential at different sowing dates. Therefore, they can be used as genetic resource in breeding and hybridization programs for introducing new cultivar. The sowing date of November 6 is not recommended because it coincides with favorable climatic conditions for FHB epidemics during anthesis and grain-filling period which leads to the highest FHB disease index. It was expected to have the lowest FHB disease index and the highest yield at sowing date of November 11, but early sowing resulted in yield loss and late sowing resulted in the coincidence of anthesis and grain-set with hot weather or drought (which is especially important in rain-fed farming). In Moghan, given the records of mid-June, temperature reaches to 35°C. So, the sowing date should be selected so that wheat plants can approach their physiological maturity before the occurrence of these high temperatures. Another outcome of late autumn sowing is the decrease in the duration of growth period and the limitation of vegetative growth which leads to potential yield loss (Khalilzadeh et al., 2008) .
